We have studied the association of muscle strength (quadriceps, biceps, handgrip), measured by a portable chair technique, with functional status (Barthel Index, manual dexterity, Mental Test Score, history of falls, fracture, prescribed drugs), in a sample of 92 elderly subjects attending a Local Authority Day Centre and Day Hospital. Anthropometric measurements and hand-grip strength were also measured in 30 young controls.
Introduction
Muscle represents 40% of body cell mass and is the largest pool of protein in the body. It is affected both by disease and by ageing. Previous studies relating muscle mass to age suggest the loss of at least 30% of muscle mass up to the age of 80 years. Muscle strength and fibre number fall by similar proportions; these changes appear more pronounced in males. Although ageing is particularly associated with loss of type II ('fast-twitch') fibres [1, 2] , how these changes affect functional status in the elderly is unclear. There seems good reason to suppose that ability to perform routine activities of daily living will be impaired by a decline in muscle strength, however, such data as are available are conflicting.
This question is of practical as well as theoretical interest since the muscular weakness of ageing is partially reversible by training [3] and possibly by increasing customary activities such as walking [4] . Muscle weakness associated with disease in the elderly may also be improved by specific treatment, e.g. vitamin D deficiency [5] . This suggests that there is a group of elderly subjects in whom muscular weakness and its possible functional consequences are preventable.
The aim of this study was to examine the association of muscle strength with functional status in elderly subjects with a range of disabilities.
Ninety-two subjects were studied. Fifty-one were attending a Local Authority Day Centre for the elderly (women 38, men 13; age range 65-84 years); 41 were attending a geriatric day hospital (women 26, men 15; age range 66-89 years). Subjects attending the Day Centre were ambulant and independent in most activities of daily living and participated in social activities. Day-Hospital patients had a variety of medical problems and were attending for multidisciplinary assessment and treatment.
Tests were performed on consecutive days over a 2-week period in October. All subjects attending over this period, giving informed consent, and able to perform all tests, participated.
Methods
Functional status was assessed by means of a questionnaire which included details of falls, prescribed drugs and domiciliary services. Locomotion and activities of daily living were assessed by the Barthel Index [6] . Manual dexterity was assessed on the dominant side using a modification of the method described by Williams et al. [7] . Subjects were asked to open a variety of door fasteners and timed to completion, competence being inversely proportional to time taken. An abbreviated mental test score was also performed [8] .
Height and weight were measured in light indoor clothing and without shoes. All anthropometric measurements were taken on the dominant side by the same observer (R.H.). Mid-arm and mid-thigh circumferences were measured at a marked point midway between the acromion and olecranon and the anterior superior iliac spine and patella, respectively. Skin-fold thickness was measured with a Harpenden skin-fold caliper (British Indicators Ltd), at marked standard sites. Three readings were taken and the mean of the closest two taken as the skin-fold thickness. Limb muscle area was derived from the formula of Frisancho [9] , and lean body mass from that of Durnin and Womersley [10] .
Measurements of muscle strength were made on the dominant side, though in some cases, disability rather than handedness determined dominance. Subjects were instructed in the technique and encouraged to produce a maximal effort; this was then repeated after 1 min. The procedure was repeated until two similar values were obtained and the higher of these was taken as the maximal voluntary contraction (MVC). No subject reported difficulty in performing the test. Muscle strength measurements were performed either by J.D.M. or R.H., both of whom were fully conversant with the technique.
Isometric muscle strength of the quadriceps (knee extension) and biceps (elbow flexion) was measured using a portable chair incorporating a strain gauge connected to a load cell. The method is described in detail elsewhere [11] . Good reproducibility depended upon performing the test procedure correctly and ensuring that each subject understood the technique.
Maximal voluntary hand-grip strength was measured with a Roussel Clinifeed hand-held dynamometer, which was held comfortably by the side of the body with the arm straight and the palm facing the body. The technique was demonstrated by the investigator.
Thirty young subjects attending the outpatient department with a diagnosis of functional bowel syndrome served as a control sample for anthropometric and hand-grip measurements. These were taken by the same observer (R.H.) over the same period of time
The reproducibility of the portable chair technique in younger subjects has already been demonstrated [12] . Reproducibility of hand-grip and proximal muscle strength measurements in the elderly was assessed by repeating paired measurements performed by the same observer (R.H.), 48 h apart, in community-based elderly volunteers (2 = 0.05, p>0.5 and t= 1.04, p>0.1, respectively).
The variables listed in Table I were analysed for their inter-relationships. The distribution of all the continuous variables approximated to normality, and all variables are described as means ± SD unless otherwise stated. Inter-and intra-group relationships and reproducibility of methods were examined by Student's t test. Relationships between dependent and independent variables were examined by Pearson's product-moment correlation coefficients and stepwise multiple-regression analysis. Table II summarizes the characteristics of the study subjects, all of whom were white, and compares elderly subjects with young controls in respect of anthropometric variables and hand-grip. The elderly were shorter, with reduced muscle area, mass and hand-grip strength compared to younger subjects. Quadriceps strength in the elderly was also significantly less than values obtained previously with fit younger subjects using similar techniques [12] .
Results
Comparison of elderly men and women (Table III) , reveals that men have greater muscle area, mass and strength (p > 0.001 for AMA, LBM and quadriceps) than women. When corrected for muscle area, the difference in strength between men and women remains significant (p < 0.001). Power to weight ratio (Quad/WT) was also significantly greater in elderly men than women. Functional status was similar in the sexes.
Pairwise correlation (Table IV) indicates some association of age with dependent vari- •0 = no falls; 1 = previous falls; 2 = more than two falls in the last 3 months. f A medical problem was defined as one currently present and either causing symptoms and/or requiring treatment. Table II. ables (r = -0.31 and 0.30 for manual dexterity and services, respectively); medical problem score and quadriceps strength are more consistently correlated.
Stepwise multiple regression (Table V) Barthel Index, and receipt of domiciliary services; coefficients of determination (r 2 ) were 0.21, 0.06, and 0.15, respectively.
Discussion
Although the small sample size and our methods may have resulted in selection bias, a cross-section of elderly subjects resembling those seen in the practice of clinical geriatric medicine has been studied.
The association of muscle strength with functional status, independent of coexisting medical problems has been assessed using a simple score to assess the latter, and a stepwise multiple regression model. Whilst we recognize the limitations of these techniques, the strong association for example of medical problem score with the number of prescribed drugs, does suggest clinical validity.
Despite coexisting identifiable medical problems, the nutritional status of elderly subjects, in terms of triceps skin-fold thickness and Quetelet's index exceeds those in studies by Burr and Milbank [13] and approximates to those of McEvoy and James [14] , both of whom studied 'normal' elderly people. Comparison with younger controls reveals no significant reduction in triceps skin-fold thickness and Quetelet's index with age (Table II) , indicating that ours is a well nourished sample.
Reduction of muscle area, mass and strength with age (Table II) is consistent with previous studies [15, 16] . Hand-grip, biceps, and quadriceps strength in this sample of elderly subjects are also somewhat reduced in comparison with previous studies of fit elderly people [15] [16] [17] [18] .
Comparison of elderly men and women reveals that women are significantly more obese at the expense of reduced muscle bulk and power. Muscle strength of elderly women remains less than that of men even when corrected for area, indicating that this sex difference involves factors other than smaller muscle size. Correction for body weight (power/weight ratio), of major importance for ambulation [18] , produces a similar result.
Various measures have been used to assess functional status. The Barthel Index has been found to be a useful measure of activities of daily living in subjects with motor impairment [6] . Williams et al. found the test of manual dexterity to be highly indicative of dependent status [7] . An association between falls and dependent status has been previously noted [19] . A low mental test score, receipt of prescribed drugs and domiciliary services are also commonly associated with dependent status of elderly people. Pairwise correlation reveals a strong association of muscle strength with these variables (Table IV) . This association is confirmed in Table V . Despite the undoubted influence of coexisting medical problems on functional status, an independent contribution of muscle strength is evident. As might be expected there is a strong association between handgrip strength and manual dexterity and between quadriceps strength and the Barthel Index, predominantly a test of lower limb function and ambulation.
Aniansson et al. showed a correlation between quadriceps strength and maximum step height in a highly selected group of fit, elderly women [20] . However, this finding was not confirmed by Danneskiold-Samsoe et al. [21] . Young [22] has argued that progressive muscular weakness in elderly subjects may lead to inability to perform key activities such as rising from a sitting position, giving rise to disproportionate deterioration in functional status.
Muscle weakness is associated with dependency in our sample of elderly subjects but we cannot determine whether this association is one of cause, or effect. Decline in muscle strength in elderly people is multi-factorial; it may be due to disuse secondary to a local cause, or a general decline in customary activity [4] or to ageing per se. It may also be due to disorders of the nervous or musculoskeletal systems, or to nutritional deficiency. 
